To evaluate the learning curve of laparoscopic radical hysterectomy (LRH) for gynecologic oncologists who underwent residency-and fellowship-training on laparoscopic surgery without previous experience in performing abdominal radical hysterectomy (ARH).
Introduction
Laparoscopic techniques have been increasingly performed as a part of the standard surgical armamentarium for early stage cervical cancer patients in many institutions. As a consequence, abdominal radical hysterectomy (ARH) is gradually being replaced by laparoscopic radical hysterectomy (LRH) or robotic radical hysterectomy [1] [2] [3] [4] [5] [6] [7] [8] . However, laparoscopic surgery has some limitations such as increased operating time (OT) and longer training period [9] . Two-dimensional views with reduced depth perception, rigid instruments and bad ergonomic circumstances may also result in a surgeon's fatigue and awkward positioning. Thus, LRH is still considered a technically demanding procedure that requires expertise in open surgery and advanced laparoscopic techniques.
Only a few reports analyzing the learning curve for LRH have
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Tae-Wook Kong , Hee-Sug Ryu been published [10, 11] . However, the participants in these studies were well-trained gynecologic oncologists who were thoroughly familiar with ARH. To date, there has been no study that evaluates the learning curve of LRH performed by surgeons without open counterpart experience. Furthermore, most recent postgraduate gynecologists have had little or no experience with ARH during their training period. Although some urologic surgeons revealed that previous experience with open surgery has little effect on the performance of laparoscopic procedures, there has been no study on the effectiveness of ARH experience on performing LRH [12] . A cumulative sum (CUSUM) chart is widely used for quality control of industrial production lines [13] . A CUSUM chart improves the ability to detect small shifts by charting a statistic that incorporates current and previous data values from the process. Similarly, it can allow researchers to inspect and review the surgical performance and evaluate the learning curve during acquisition of a new practical skill without prior sample size calculation [13] . Using CUSUM analysis, our study aimed to evaluate the learning curve of LRH for gynecologic oncologists who underwent residency-and fellowship-training on laparoscopic surgery without previous experience in performing ARH.
Materials and methods
All consecutive patients with 2009 International Federation of Gynecology and Obstetrics (FIGO) stage IB cervical cancer treated at Ajou University Hospital between April 2006 and March 2014 were identified. The patients were divided into two groups (surgeon A group, 42 patients; surgeon B group, 42 patients) according to the surgeon with or without ARH experience. During the residency-training course, both surgeons were trained in laparoscopic surgery and familiar with simple pacemaker operations including benign laparoscopic adnexal surgery and hysterectomy. With respect to the radical hysterectomy, surgeon A (SJ Chang) performed ARH as a surgical assistant and primary surgeon on approximately 100 cases. However, surgeon B (TW Kong) experienced LRH on approximately 50 cases as a surgical assistant during the residencyand fellowship-training course, but no experience on ARH.
All patients were diagnosed with invasive squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma on cervical punch biopsy or conization. The inclusion criteria were as follows: FIGO stage IB cervical cancer without any evidence of parametrial invasion or lymph node (LN) metastasis on preoperative pelvic examination, magnetic resonance imaging and positron emission tomography/computed tomography examinations; and no underlying disease that could influence survival. Patients who were diagnosed with non-squamous cell carcinoma or non-adenocarcinoma, such as clear cell or neuroendocrine tumors, on cervical punch biopsy were excluded. However, two patients, who were diagnosed with squamous cell carcinoma and adenocarcinoma on cervical punch biopsy, had sarcomatoid squamous cell carcinoma and small cell carcinoma in radical hysterectomy specimens. Patients with a history of primary radiotherapy or neoadjuvant chemotherapy were also excluded. Prior surgery and patients' body weight were not included in the considerations of the contraindications for the laparoscopic approach. Approval was given by the Ajou University Hospital Institutional Review Board. All eligible patients underwent Piver type III RH with pelvic and/or para-aortic lymphadenectomy. Pelvic lymphadenectomy alone was performed in patients with FIGO stage IB1 ≤2 cm in size without pelvic LN metastasis [14] . All participants signed the written informed consent. All surgeries were performed with a resident as the first assistant. LRH was performed based on the technique described by Nam et al. [3] .
We recorded parameters including clinical characteristics (age, parity, body mass index [BMI], tumor markers, mean OT, estimated blood loss [EBL] , hospital stay, return of bowel motility, duration of follow up, adjuvant therapy, recurrence), histopathologic characteristics (histology, FIGO stage, tumor size, pathologic risk factors, number and status of LNs removed), and perioperative morbidities. OT was recorded from the beginning of the skin incision to the completion of operative wound closure. Blood loss was estimated from the amount collected in the suction device. Complications were defined as any event during and after surgery that required further surgical procedure, interventional radiology or rehabilitation therapy.
We used a CUSUM analytical method similar to that described by Bokhari et al. [15] . The CUSUM is the running CUSUM of differences between measured individual values and the target. The mean OT for each surgeon was used as the target. We tried to detect "out-of-control" signals in the statistical process control. In our analysis, the decision interval and reference value had to be decided to draw a CUSUM chart. We used the decision interval of 1 standard deviation and the reference value of 0.5. In the CUSUM charts, the onesided upper and lower CUSUMs accumulate deviations from the target that are greater than the reference value and reset to zero upon becoming negative. If either of the one-sided up-Tae-Wook Kong, et al. Learning curve of radical hysterectomy per CUSUM or the lower CUSUM exceeds the decision interval (denoted as upper decision bound or lower decision bound in our CUSUM charts), the process is considered "out of control." We used the CUSUM technique to analyze the total OT after placing our cases in chronological order based on operation dates. Analyses were done using R 2.14.1 software with package 'qcc. ' We performed Mann-Whitney U-tests, linear by linear association, Fisher's exact test, Spearman's rho, and binary logistic regression as appropriate. Statistical analysis was performed using IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA). A threshold of P<0.05 was considered statistically significant. Table 1 compares the clinical characteristics for surgeons A and B. There were no significant differences between the two groups with regard to age, BMI, tumor markers, FIGO stage, OT, perioperative hemoglobin change, transfusion requirements, hospital stay, return of bowel motility, adjuvant therapy and recurrence, but the mean follow-up period in the surgeon B group was shorter than in the surgeon A group (58.0 versus 17.8 months, P<0.001). The mean OT was similar in both groups (245.0 minutes in the surgeon A group versus 250.5 minutes in the surgeon B group, P=0.569).
Results
There were no significant differences in histopathologic type, grade, pathologic tumor size, length of parametrium and vaginal cuff, and pathologic risk features between the two groups ( Table 2 ). The mean numbers of pelvic and para-aortic LNs retrieved were 22.0 and 8.9 in the surgeon A group, and 23.0 and 10.0 in the surgeon B group, respectively (pelvic LNs, P=0.189; para-aortic LNs, P=0.403). The mean pathologic tumor size was 27.0 mm (range, 10 to 60 mm) in the surgeon A group and 29.0 mm (range, 10 to 70 mm) in the surgeon B group. Adequate margins of paracervical and vaginal cuff Two patients who were diagnosed with squamous cell carcinoma and adenocarcinoma on cervical punch biopsy had sarcomatoid squamous cell and small cell carcinoma in radical hysterectomy specimens;
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resection were achieved through LRH (Fig. 1 ). There were no significant differences in perioperative morbidities between the two groups (Table 3 ). In the surgeon A group, 3 cases of ureteral injury, 1 case of bladder injury, 3 cases of lymphocyst and 1 case of vesicovaginal fistula were noted. There were 1 case of ureteral injury and 2 cases of lymphocyst in the surgeon B group. Neither incisional hernia nor port-site metastasis was detected. There was no case that required conversion to open surgery.
In the regression analysis (Fig. 2) , OT steeply decreased with operative experience in surgeon A (Pearson correlation coefficient=-0.508, P=0.001). Surgeon B, however, showed a gentle slope of learning curve (Pearson correlation coefficient=-0.225, P=0.152). Although some variations in the learning process were shown, approximately 18 cases for both surgeons were required to achieve surgical proficiency in LRH (Fig. 3) . Forty-two patients in the surgeon A and B group were divided into the first 18 cases (phase I) and the second 24 cases (phase II).
There were no significant differences in clinico-pathologic outcomes and perioperative morbidities between phase I and phase II patients in both groups (Table 4) . However, OT decreased significantly in the second phase of the series (265.6 vs. 229.5 minutes in the surgeon A group, P=0.013; 269.3 vs. 236.4 in the surgeon B group, P=0.012). Table 5 shows some clinico-pathologic variables in relation to increased OT of LRH. Increased OT means that the OT is longer than the mean OT of both groups (247.7 minutes). Forty-eight patients in phase II of both groups were analyzed.
Univariate analysis showed significantly longer OT in patients whose tumor size was >4 cm (P=0.022). The performance of para-aortic lymphadenectomy, BMI, and risk factors for scarring, such as previous conization and cesarean section status, were not significant. According to the multivariate analysis, tumor size (>4 cm) was significantly related to the increased OT (P=0.027; OR, 4.667; 95% CI, 1.187 to 18.352).
Discussion
In the era of laparoscopy, trainees first act as the camera holder, and then selectively perform simple pacemaker operations including laparoscopic hysterectomy or adnexectomy, and then move onto more advanced laparoscopic surgery. Recently, postgraduate gynecologic oncologists in many institutions have little or no experience with ARH during their training period. However, an early integration of surgical trainees into performing laparoscopic surgery is an important factor in acquiring the specific psychomotor skills and eye-hand coordination. Furthermore, LRH is a step-by-step procedure which includes retroperitoneal lymphadenectomy, development of the pelvic sidewall including the paravesical and pararectal spaces, bladder takedown, ligation of the uterine artery, dissection of the ureter, posterior and lateral dissection, and vaginal resection. In addition, the ability to view the magnified anatomy during laparoscopy may be beneficial for trainees learning to perform LRH. Therefore, it is worthwhile to evaluate the learning curve analysis of LRH for gynecologic oncologists without open coun- 
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Tae-Wook Kong, et al. Learning curve of radical hysterectomy terpart experience who underwent residency-and fellowshiptraining on laparoscopic surgery. In total LRH, Pomel et al. [1] reported that the mean OT for the first 25 cases was 290 minutes, and 226 minutes for the last 25 cases, while in laparoscopic assisted radical vaginal hysterectomy, Steed et al. [16] found that the OT of the last 30 patients was 20 to 30 minutes shorter than that of the first 30 patients. We also found that the mean OT in phase II patients was approximately 30 to 40 minutes shorter than that of phase I patients. It is certainly true that speed does not equate to surgical proficiency. Surgical learning curve assessment generally measures the complication rate as well as the OT. However, we did not observe a trend in either increase or decrease of perioperative morbidities and EBL. Also, the number of retrieved LNs did not change with experience in this study. Moreover, visual assessment of EBL was not only subjective data, but also tendentious estimates. Therefore, providing that a surgeon performing a new procedure shows acceptable histopathologic outcomes and perioperative morbidities, the OT is a fair reflection of the entire learning process. Thus, we assessed the OT for the learning curve analysis.
To date, there have been two learning curve studies on LRH [10, 11] . The surgeon in the first study had completed a fellowship in gynecologic oncology [10] . Initially one surgeon performed the entire operation, and later in the series, the second surgeon began performing more of the operation under supervision. Thus, this study did not evaluate the learning curve of LRH performed by a single surgeon. The participant in another learning curve analysis was familiar to ARH, but had no experience with benign laparoscopic surgery [11] . Our results demonstrated that the learning curve in this study was much shorter than that in the published data. The magnified view of the retroperitoneal anatomy might enable laparoscopic trainees to learn LRH over a relatively shorter training period, particularly making it easier to dissect the ureter and coagulate OR, odds ratio; CI, confidence interval; BMI, body mass index; PALND, para-aortic lymph node dissection. a)
Increased operating time was defined as the time longer than mean operating time. Major complications include ureter injury, bladder injury, vesicovaginal fistula, and great vessel injury.
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To evaluate the surgical proficiency in LRH, we used CUSUM methods, which provide an objective way to statistically define the process of acquiring a new skill, instead of using the common practice of dividing the study population chronologically into arbitrary fractions for analysis. The CUSUM method was used to analyze the learning curve for LRH in a previous study [11] . Failure was defined as surgery that took longer than the average OT of LRH (287 minutes), which was longer than that of our study (245.0 minutes in the surgeon A group vs. 250.5 minutes in the surgeon B group) even though para-aortic lymphadenectomy was performed in our study. Furthermore, in that study, a failure rate below 40% was considered as acceptable, and a failure rate above 60% as unacceptable. Researchers in that study recognized that the lack of tutors and limited experience with laparoscopic surgery in benign gynecology might have contributed to the longer learning time. Our study evaluated the surgical proficiency in LRH, using the mean OT in each surgeon as the target (Fig. 3) . To make the criteria of the acceptable range narrow, we used the decision interval of 1 standard deviation (Fig. 3) . Our studies demonstrated that the OT of LRH in phase I of both groups (265.6 minutes in the surgeon A and 269.3 minutes in the surgeon B group) at the beginning of both surgeons' learning curve was longer than the mean OT (245.0 minutes in the surgeon A and 250.5 minutes in the surgeon B group). Surgeon A was able to achieve a mean OT of less than 265.6 minutes after about 18 cases and his mean OT continued to decrease to the mean OT in phase II of surgeon A (229.5 minutes). Surgeon B was also surgically proficient after about 18 cases and his mean OT tended to decrease to the mean OT of phase II (236.4 minutes). The learning curve of surgeon A started at 5 to 10 standard deviations of mean OT and afterward OT of surgeon A continued to decrease to the mean OT with a steep slope. This slower starting time and steep slope collectively indicate that performance of LRH for surgeon A was initially difficult and it took some effort to be accustomed to the laparoscopic environment. On the contrary, the learning curve of surgeon B started at 2 standard deviations of mean OT and afterward OT of surgeon B continued to decrease to the mean OT with a gentle slope, which suggests that experience in LRH as a surgical assistant plays significant effect to allow the surgeon to become accustomed to performing LRH. Therefore, it might be possible to generalize the learning curve obtained in this study to a surgeon who has had considerable experience with gynecologic laparoscopic surgery, particularly LRH, during the residency-and fellowship-training period.
In the current study, the learning period for LRH showed that it took less than 20 cases to achieve a turning point in OT, reflecting the improvements in visualization of the anatomy and the early laparoscopic training. In addition, the mean OT in our study was shorter than that of the previous learning curve study because of the time saved during the vaginal cuff resection and closure. However, several risk factors can affect the OT. We postulated that BMI, bulky tumor size, the performance of para-aortic lymphadenectomy, and other risk factors that result in difficult tissue dissection including previous conization or cesarean section status might be associated with longer OT. Even after achieving surgical proficiency, a longer OT for LRH was observed in 2 out of 8 patients with a tumor size >4 cm in the surgeon A group. In the surgeon B group, there were 5 patients with a bulky tumor who showed a longer OT. Also, the multivariate analysis showed that the bulky cervical mass (>4 cm) served as a significant independent variable for longer OT. With respect to the learning curve of LRH, previous experience with ARH might have little effect on the performance of LRH. However, the risk of open conversion still exists. Therefore, it could be necessary to manage such inevitable complications of laparoscopic surgery via the open approach.
There were some limitations in our study. To adequately analyze the learning curve for LRH in early stage cervical cancer, it might be necessary to evaluate a higher number of cases than in our study. Also, the follow-up period in surgeon B group was too short to make any conclusive remarks on recurrence and survival. In addition, there are variations in surgeons' skill and training course, which may result in different outcomes from our study. Despite the known limitations, we expect that a laparoscopic trainee through residency-and fellowship-training course can achieve surgical proficiency in LRH after a relatively small number of cases, compared to the previous study on the learning curve of LRH, even without ARH experience.
In conclusion, previous experience with ARH might have little effect on the performance of LRH. We demonstrate that gynecologic oncologists after completing a residency-and fellowship-training course including laparoscopy, even without open counterpart experience, can achieve an acceptable level of surgical proficiency in LRH after approximately 20 cases. Furthermore, early experience and familiarity with the retroperitoneal anatomy under laparoscopic vision might allow gynecologic oncologists to become more accustomed to performing LRH, showing a gentle slope of learning curve.
